Energy expenditure rises above resting energy expenditure when physical activity is performed. The activity-induced energy expenditure varies with the muscle mass involved and the intensity at which the activity is performed: it ranges between 2 and 18 METs approximately. Differences in duration, frequency and intensity of physical activities may create considerable variations in total energy expenditure. The Physical Activity Level (= total energy expenditure divided by resting energy expenditure) varies between 1.2 and 2.2-2.5 in healthy adults. Increases in activity-induced energy expenditure have been shown to result in increases in total energy expenditure, which are usually greater than the increase in activity-induced energy expenditure itself. No evidence for increased spontaneous physical activity, measured by diary, interview or accelerometer, was found. However, this does not exclude increased physical activity that can not be measured by these methods. Part of the difference may also be explained by the post-exercise elevation of metabolic rate.
Introduction
A high (> 25 kg m −2 ) and a low (Ͻ18.5 kg m −2 ) body mass index (BMI) are both associated with increased health risks. Though low BMI is an important health risk in many underdeveloped and developing countries, in most European countries excess storage of body fat or obesity forms the major BMI-related health burden. The main overweight-and obesity-related health risks are non-insulin dependent diabetes, gallstones, dyslipidaemia, coronary heart disease, hypertension and osteoarthritis. The health risk increases with increasing levels of body fat. A more abdominal distribution of body fat further increases risk. Prevention of weight gain during the adult life and weight loss in those overweight has been shown to be associated with lower health risks.
Storage of energy in the form of body fat occurs in situations of a positive energy balance, i.e. when more energy is ingested than expended. This paper will focus on energy expenditure and especially the variations in energy expenditure that can be introduced by physical activity. Thereafter, the effects of variations in physical activity on energy balance will be discussed.
Energy cost of physical activities
Total daily energy expenditure (TEE) can be subdivided into three components: resting energy expenditure (REE), diet-induced energy expenditure (DEE) and activity-induced energy expenditure (AEE). REE is the energy expended to maintain normal body functions and homeostasis. DEE includes the energy costs of food absorption, metabolism and storage. AEE includes the energy expenditure during voluntary physical activity and involuntary activities, such as shivering, fidgeting and postural control. On average REE and DEE together determine 70-85% of TEE, whilst AEE is responsible for the remainder of the energy expended over 24 h. Variations in REE, adjusted for body composition, and DEE between individuals are relatively small and do not appear to contribute importantly to variations in energy balance 1 . However, AEE may vary considerably between individuals. Duration and intensity of activities may vary. During different types of physical activities metabolic rate may vary approximately 9-fold, ranging from 2 METs (slow pace walking, strolling) to 18 METs (competitive crosscountry skiing, running, cycling) 2 . The MET unit denotes multiples of resting metabolic rate associated with the activity. The energy cost of household (2-9 METs) and occupational activities (2-17 METs) may also vary considerably 2 , although the duration of the most intense activities, if performed at all, is usually very limited in western societies.
Substrate utilization during exercise
At low exercise intensities (25% of maximal oxygen uptake (V O 2max )), which in an average healthy untrained young adult (V O 2max per kg body mass = 42 ml kg , less than 30% of the energy is derived from oxidation of fatty acids and approximately half of the fatty acid oxidation is derived from oxidation of plasma free fatty acids. At this intensity the majority of the energy comes from muscle glycogen. Therefore with increasing exercise intensity a shift from the relative utilization of fats to carbohydrates and from plasma derived substrates to intramuscular substrates is seen. The largest absolute fat oxidation is seen during low and moderate intensity exercise. These data have been collected in endurance-trained subjects under fasting conditions after approximately 30 min of exercise. More recent studies suggest that the contribution of plasma free fatty acids to total fat oxidation is probably underestimated, especially at low exercise intensity, because label fixation in the tricarboxylic acid-cycle has not been taken into account 5, 6 . With more prolonged exercise the contribution of fat oxidation will increase at the cost of carbohydrate oxidation 4 . Less well-trained individuals will usually oxidize less fat and will utilize more muscle glycogen at a given percentage of V O 2max . Moreover, pre-exercise carbohydrate feedings may reduce fat oxidation and increase carbohydrate oxidation during exercise, while high fat diets may increase fat oxidation but do not lower glycogen utilization 4, 7 . Carbohydrate feedings during exercise will increase carbohydrate oxidation 8 , although muscle glycogen utilization is unchanged 9 .
Physical activity and 24 h energy expenditure
As discussed above, physical activity increases energy expenditure and the contribution of fat oxidation to energy expenditure is most pronounced during low and moderately intense activities. Differences in duration, frequency and intensity of physical activities may create considerable variations in TEE. Studies using the doubly-labelled water technique have shown that the Physical Activity Level (PAL: TEE/REE) varies between 1.2 and 2.2-2.5 in free-living healthy adults between 18 and 64 years from affluent western societies, although under extreme conditions, for instance in elite athletes (runners, cross-country skiers and professional cyclists), PAL values > 2.5 were found 10, 11 . A regular, relatively sedentary, adult western professional lifestyle appears to be associated with a PAL of 1.55-1.65 10 . It cannot automatically be assumed that changes in AEE will cause TEE to change by the same amount as the change in AEE. A small number of longitudinal studies, applying the doubly-labelled water methodology to measure TEE, has investigated this issue [12] [13] [14] [15] [16] [17] . The increase in TEE due to an exercise training programme was only 3% in the study by Goran and Poehlman 15 in elderly men and was highest (27%) in the study by Bingham et al. 12 . In the latter study, however, physical activity was restricted to approximately 15 min/d in the non-training control period. Van Etten et al. 17 noted that, with the exception of the study in elderly men 15 , the increase in TEE was always higher than the energy cost of the exercise intervention itself (Fig. 1) . The reason for this difference is not fully clear. Longitudinal training studies in majority show no effect on REE measured between 12 and 96 h after the last training session 11, 18 . DEE also does not seem to be affected by exercise training [19] [20] [21] , although the data are not fully consistent 18 . This suggests that either the excess post-exercise oxygen consumption (EPOC) associated with the exercise bouts or increased nontraining physical activity (or a combination) are responsible for the extra rise in TEE. Energy expenditure may remain elevated for some time during recovery from exercise. Estimations of this increased energy expenditure or EPOC vary between 125 and 625 kJ, depending on the duration and intensity of exercise 18, 22, 23 , but total EPOC is always smaller then the amount of energy expended during the exercise bout itself. EPOC can therefore not fully explain the excess increase in TEE. Westerterp 11 reviewed the available data on spontaneous physical activity in these studies and concluded that the exercise interventions did not change spontaneous physical activity except in elderly men where spontaneous activity was reduced. However, since spontaneous activity was assessed by diary, interview or accelerometer, increases in other physical activities that can not be measured by these methods (e.g. fidgeting, activities causing nonexercise-activity thermogenesis [24] [25] [26] ) may have been missed.
Physical activity and 24 h substrate utilization
The question whether changes in level of physical activity lead to changes in 24 h substrate utilization has hardly been studied. During the first hours after an exercise bout fat oxidation appears to be increased 27, 28 . Resting fat oxidation, measured at least 36 h after the last exercise bout, also was found to be increased after an exercise training programme 29, 30 . However, the effect of increased physical activity on 24 h substrate utilization has not been studied, except in post-obese women 31 . In this study no change in 24 h RQ, measured in a respiration chamber, was found after a training programme. Further studies are needed to elucidate the effect of endurance training on 24 h substrate utilization. Resulting from methodological restraints, such studies will be limited to measurements in respiration chambers and thus will only partly reflect real life.
Resistance exercise
The studies reviewed above all used endurance type of exercise training. Much less information is available about the effect of resistance type of exercise on TEE and substrate utilization. Poehlman and Melby 32 have recently reviewed these studies and conclude that resistance training may elevate REE, but does not substantially enhance TEE in free-living subjects. Intense resistance exercise may increase EPOC and shift substrate oxidation to a greater reliance on fat oxidation. The effect of resistance training on 24 h substrate has only been measured in one study, under respiration chamber conditions 33 . This study showed that 24 h fat oxidation was significantly increased by resistance training, independent of changes in 24 h energy expenditure. Further studies are needed to confirm this finding.
Physical activity and energy balance
As indicated above, available data suggest that TEE increases with increasing physical activity. Increasing the level of physical activity therefore has the potential to affect energy balance, but the question whether it does depends on the compensatory changes in macronutrient and energy intake.
If changes in level of physical activity affect energy balance, this should result in changes in body weight or body composition. Westerterp 11 has reviewed the body mass and body composition changes in the studies mentioned above, which applied the doubly-labelled water technique to measure changes in TEE during an exercise training intervention. The increase in TEE in these studies varied between 1.2 and 2.8 MJ/d. If no energy intake compensation had occurred this increase would lead to a considerable decrease of fat mass (1-3 kg per month). However, no significant weight loss was found in any of these studies, which varied in duration between 4 and 40 weeks. A significant increase in fat-free mass was found in all studies, which was accompanied by a significant decrease in fat mass in part of the studies. Wilmore 34 reviewed a total of 53 endurance training studies. He concluded that a 6-month training period reduced body mass by on average 1.6 kg, fat mass by 2.6 kg and increased fat-free mass by 1.0 kg. Garrow and Summerbell 35 did a metaanalysis on endurance training interventions in overweight individuals and found an average weight loss of 3 kg over 30 weeks in men and 1.4 kg over 12 weeks in women. Although the amount of training may not have been completely comparable in the different reviews, these result at least suggest that less body mass is lost during the interventions then might be expected from the training-induced increase in TEE. Apparently, the training-induced increase in TEE is at least partly compensated for by an increase in energy intake. This is not unexpected. Already the classical studies by Mayer et al. 36, 37 in rats and in humans indicated a close coupling between level of physical activity and energy intake over a wide range of physical activities. Over this range body mass is maintained at a constant lean level. In very sedentary individuals this tight coupling is lost and energy intake is inappropriately high, resulting in increased body weight. Several large cross-sectional and longitudinal studies have indeed shown that average body mass or fat mass increases with decreasing levels of physical activity and that weight gain is associated with low or decreasing physical activity [38] [39] [40] [41] . The study by Haapanen et al. 41 , for instance, showed that in a group of over 5000 working-aged Finnish men and women, the risk of clinically significant body mass gain (> 5 kg during the 10-year follow-up) was higher in men and women who decreased their physical activity during the follow-up period or were inactive all the time than in subjects who were active all the time.
The results obtained by Mayer 37 also predict that there is a threshold of physical activity below which body mass is no longer maintained at the lean level. Schoeller 42 has recently addressed this issue and concluded from cross-sectional studies, using the doubly-labelled water technique to measure TEE, that such a threshold indeed appears to be present in men: the least active group of men that did not tend to have increased levels of overweight was the moderate activity group with a physical activity level (TEE/REE) of 1.66 to 1.9 (Fig. 2) . In women the picture is less clear: as in men, average BMI is higher in women with light compared to moderate physical activity, but in the most sedentary group of women BMI is lower then in any other physical activity group. This may suggest that body weight regulation in response to physical activity is different in men and women, although methodological bias as a cause of this gender difference cannot be excluded. This issue clearly needs further study.
Schoeller 42 also demonstrated that in post-obese women the spontaneous increase in body weight was larger in women with a low physical activity than in women with a higher level of physical activity. There was substantial variation in spontaneous weight gain especially in those women with low physical activity (TEE/REE Ͻ 1.75). Other data also support the notion that regular exercise may help to maintain body mass loss 43, 44 , though the presence of a threshold level of physical activity has not been addressed in these studies.
The data presented above indicate that a moderate or high level of physical activity protects against weight gain in the lean. In the sedentary overweight individual, increased physical activity may help to decrease body mass. Remaining at least moderately active after weight reduction will help to maintain a lower body weight. These effects of physical activity are seen against the background of the western diet with a relatively high energy density and high fat content. It remains to be demonstrated whether variations in the energy and fat content of the diet will change the threshold physical activity for maintenance of lean body weight. A study by Stubbs et al. 45 showing that individuals are more able to maintain (short-term) energy balance on a high fat diet when they are free-living than when they are confined to a respiration chamber, indicates that such an interaction may indeed be present. 
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